electrocardiography in which a frequency response curve of the instrument is included, or in which the accuracy of the timing device has been frequently tested. The clinical investigator usually accepts the manufacturer's claims for the instrument without actual test or check.
Other difficulties enter the problem. One of these is the statistician's "error of measurement" by which is meant that two different people measuring the same interval may get a different result. More important are the different definitions of a similarly designated interval or deflection by different workers. It is not certain but possible that older data on the normal electrocardiogram cannot be used for a precise study because the gradual change in the habitus of Americans, at least, makes it likely that the normal electrocardiogram of today is somewhat different than it was 40 years ago. Along this same line of reasoning, consideration must be given to racial and sex differences. Lastly, as new leads are used, new criteria for their interpretation must be established from time to time as knowledge of their normal variations accumulates.
There is one other consideration. A continuous distinction must be made between the normal electrocardiogram and the normal heart. If this is not done it becomes exceedingly difficult to define the limits of the normal record. By carefully observing this distinction, a definition of the normal electrocardiogram reduces to giving values for intervals and deflections usually found in normal subjects in various age groups. To go further would be to go beyond the electrophysiologic aspects of cardiac function, and hence to define instead the normal heart. Where this is unavoidable, as under rate and rhythm, defining the normal reduces itself largely to a simple and to some NORMAL ELECTROCARDIOGRAM extent arbitrary standardization of nomenclature.
With so many aspects of the problem to bedevil him, it is small wonder that the clinician, with a few notable exceptions, has made no comprehensive, statistically mature effort to define the normal electrocardiogram. A further deterrent to such an effort has been the introduction of a means of synthesizing the QRS and T deflections of the conventional leads into two spatial vectors with angular relations to each other.2 The simplification achieved is of considerable use but tends to obscure the less pronounced diagnostic abnormalities which are seen in the conventional leads. Further, to use the method, conventional leads must be recorded in the first place.
The need for normal values of various electrocardiographic deflections and intervals has not passed. The present communication cannot be regarded as the desired ultimate effort to meet this need but rather as a progress survey which may be immediately useful. With more time for the intensive use of statistical technics' it probably can be developed at a later writing into a more detailed and exact approach to the truth as it applies to the normal electrocardiogram.
RATE AND RHYTHM For the purposes of standardizing electrocardiographic nomenclature, it has been generally agreed to designate a heart rate of 60 to 100 beats per minute as normal sinus rhythm provided the pacemaker is in the sinoatrial node. Any rate below 60 per minute from the same pacemaker is designated as sinus bradycardia; a rate above 100 per minute is called sinus tachycarida. 4 These limits and terminologies are used principally for convenience and for uniformity of designation. They do not define normality except in a gross way. Actually the normal heart rate in young adult subjects may vary from 38 to 110 beats per minute.5 In infants and children the rates may vary from 55 to 205 beats per minute. ' To define a normal rhythm is a rather difficult procedure. In most instances of sinoatrial rhythms there are slight variations in cycle lengths. Arbitrarily when these vary by more than 10 per cent in length in any given strip of electrocardiogram, the record is said to display sinus arrhythmia. A great variety of dysrhythmias may occur in the normal subject,5 but in the normal electrocardiogram the four rhythms defined are encountered most often.
INTERVALS The P-R Interval
One of the important aspects of establishing normal limits for the P-R interval is to standardize the method of measuring it. There is general agreement that it should be measured from the beginning of the P wave to the very first evidence of ventricular excitation whether this be the beginning of Q, QS, or R. Unfortunately agreement does not exist on which lead gives the most nearly correct P-R interval. In certain leads the beginning of QRS may be obscured if these leads are so oriented with respect to the early electromotive forces coming from the ventricles as to show no deflection. This will result in a falsely long P-R interval. On the other hand, if a lead records the beginning of the P wave poorly, the P-R interval will be falsely abbreviated. In the bipolar leads the closest approximation to the true P-R interval can be made by taking the difference between the longest QRS interval in leads I, II, and III and the longest P-S interval (beginning of P to the end of QRS) in these leads.7 This difference will be the same as the longest P-R interval in these leads in 97.4 per cent of electrocardiograms of patients. Since it is easier to measure the longest interval, this has come to be the standard despite the known error in some instances. If simultaneous leads are available the interval is most accurately given by the distance from the beginning of the earliest P wave to the beginning of the earliest QRS.
The P-R interval is known to lengthen with age and shorten with rapid rate, although there is a difference of opinion regarding the latter. 8 9 On the basis of these supposed relationships elaborate tables have been constructed, but for usual clinical purposes more general and easily usable definitions can be given. In the bipolar and unipolar extremity leads with normal 921 heart rates, its upper limit of normal ill adults is 0.20 second; in adolescents, ages 14 to 17 years, 0.18 second; and in children under 14 years of age, 0.16 second. In precordial leads of children its maximum duration may be the same, shorter, or longer,6 and differences if present may be as much as 0.04 second. Extensive measurements of the atrioventricular conduction time in precordial leads do not seem to have been made in adults. It is for this reason that the maximum normal values given apply only to the bipolar and unipolar extremity leads.
The lower limit of normal is usually stated to be 0.12 second, but exceptions are not infrequent. A precise definition of the lower limit must await more precise statistical study.
The greatest disagreement found in the literature is with the maximum normal P-R interval of 0.20 second in adults. Many feel it should be longer, and the figures of 0.21 or 0.22 are often given. Actually, only a small percentage of normal subjects will show a P-R interval in excess of 0.20 second'; the great majority of records exceeding this value will be of patients with heart disease. When the measurement is borderline, a recheck, with the points made above in mind, is desirable. A finall opinion of its significance will naturally depend on associated clinical and laboratory data.
The QRS Interval
There is no problem with regard to measuring the QRS interval. The widest one found in any lead is correct. Since detailed data are not available on its duration in precordial leads it is customary to measure it in the bipolar or unipolar extremity leads.
The QRS interval varies in duration directly with age and inversely with heart rate. The changes which occur with rate are quite small and probably do not exceed 0.007 second for a rate change as large as 60 beats per minute.10 The changes with age are significant and make it necessary to construct standards for different age groups.
The maximum normal QRS is 0.10 second in adults, 0.09 second in children from 5 to 14 years old, and 0.08 second in children under 5 years old. In the precordial leads these values may be larger; in children the excess may occasionally be as much as 0.03 second. 6 Most disagreement is found in the literature with the maximum normal value of 0.10 second given for adults. It is claimed that in a normal subject the Q-RS interval may be 0.11 or 0.12 second. This is true but it involves the problem alluded to earlier, namely the failure to distinguish the normal electrocardiogram and the normal heart. Possibly 3 per cent of normal subjects will show a QRS interval in excess of 0.10 second but most often an interval beyond this duration will be associated with disease of the heart.
There is no lower limit of the QLRS interval usually given though it practically never is less than 0.06 second in adults, or 0.04 second in newborn children.
The Q-T Interval Difficulties in measurement of the interval between the beginning of QRS and the end of the T wave arise from four prinicipal sources: the U wave, superimposition of P and T waves, bundle-branch block, and ventricular arrhythmia.1" 12 The U wave tends to appear as part of the T wave in certain leads. Accurate differentiation can usually be made by simultaneous recording of a lead, usually from the precordium, in which the U wave is sharply demarcated from the T wave. Bundle-branch block wvill prolong the Q-T interval by an amount equal approximately to lengthening of QRS alone. By correcting the Q-T interval for this difference from a prediction of what the normal QRS interval should be for the age and heart rate of the subject concerned, a rough approximation of the Q-T interval can be made."3 With rapid rates or prolonged P-R interval, the P wave will be superimposed on the preceding T wave. The difficulty can at times be resolved with simultaneous leads as described for the U wave. Variations in ventricular rate, as with premature systoles or atrial fibrillation, require the measurement of several Q-T intervals and determination of the average in order to approach the true value. Taran The longest Q-T interval is the most nearly correct, although it may be falsely prolonged if care is not taken to distinguish the U wave from the T wave. The lead to be used is the one in which the Q-T interval is clearly deknown as the corrected (for rate) Q-T interval, or Q-T,.
It must be apparent from the difficulties in measurement alluded to above that a routinely determined Q-T, of necessity must be a rather gross procedure. If the error of measurement, for example, is at least 5 per cent to 12.5 per cent even if 3 to 12 cycles are measured when there is a sinus arrhythmia, there can be little point in attempting to define differential values down to the third place depending on age or sex of the subject. Without going into all the There is a well-known inverse relationship between the Q-T interval and the heart rate. A variety of formulas are available for predicting what the Q-T interval should be with any given rate. In the usual range of heart rates, all of these formulas make rather similar predictions. It is at the extremes of rates where differences are most evident.
One of the simplest and most universally used is Bazett's Index,'4 usually expressed as a ratio of the Q-T interval to the square root of the cycle length. This ratio has come to be data available,'4-18 some of which is summarized in table 1, it is probably sufficiently close to the truth to define the maximum normal Q-T, for any age or sex as 0.425. A value above 0.425 should be described as a "prolonged Q-T," but may not necessarily be abnormal.
Q-R Interval (Time of the Intrinsicoid or RS
Deflection)
The intrinsicoid or RS deflection ordinarily begins at the peak of R and ends with the nadir of S. It is usually the steepest and largest downstroke of QRS in the unipolar leads. In the "transitional zone" and sometimes in leads 923 from the right side of the precordium there may be two R waves. This sometimes is called a double intrinsicoid deflection, but the largest downstroke is usually accepted as the characteristic one for that lead. Sometimes in the midprecordium the principal downstrokes, if two are present, will vary in size with forced respiratory effort ascribed to movement of the heart and altered orientation of its ventricular surfaces to the fixed precordial electrode.
In direct leads and probably in semidirect leads from the precordium the peak of the R wave represents the beginning of excitation of A variety of ways are available for measuring it, the most exact probably being the comparison of intervals on either side of the precordium after referral of each to a fixed point in a simultaneously recorded lead.20 This is not often clinically expedient so that absolute values have been established for the time in each lead between the beginning of QRS and the peak of the R wave (Q-R interval). In the case of leads V, and V2 the maximum normal usually accepted is 0.03 second; for leads V5 and V6, 0.05 second. ' The measurement of deflections, to be comparable, must be made in a standard way with a standard reference level. The need for such standardization was met with publication some years ago23 of the recommendation that the reference level for the P wave, the Tp wave, the S-T segment, the T wave, and the U wave be the T-P or U-P interval. All other deflections, Q, R, S, and S-T junction (or J), The tables fail to disclose the high incidence of late R or R' deflections in lead V1 seen in children.6 A discussion of the significanc3-of these in relation to the width of the QRS interval and to the entire problem of relative and absolute block of the right bundle branch is beyond the scope of this presentation. 
Relative Size
Attempts have been made in the past to relate the size of one deflection to another.3' 32, 33 This has involved principally the Q wave which has been expressed as a percentage of the R wave in the same or other leads. With the increased use of unipolar extremity leads by which the positional origin of a Q wave in the bipolar leads can in many instances be readily reduced for reasons similar to those given under "Relative Size."
VECTORS
The accuracy of normal data on electrocardiographic deflections regarded as vectors is dependent on all of the variables considered earlier plus an additional error of measurement resulting from the calculation of the magnitude and direction of the vector. 
The QRS Vector
The deflections resulting from depolarization of the ventricular muscle have from the time of Einthoven35 been treated as a vector projection on the frontal plane described as the mean manifest potential of QRS or the "electrical axis." The vector has magnitude determined from the area of QRS which averages 22 microvolt seconds (Mvs) in adults, and 16.6 These limitations being forced on it, the Criteria Committee of the New York Heart Association4 has adopted three simple descriptive groups for the electrical axis of QRS based on the angle alpha. These are: no deviation of the electrical axis, left deviation of the electrical axis, and right deviation of the electrical axis. The first applies when the angle alpha is between 30 and 90 degrees, respecthree subdivisions are normal or abnormal. This approach has been used to discourage, so far as possible, the unfortunate and widespread practice of making cardiac rather than electrocardiographic diagnoses from the electrocardiogram. It is sincerely hoped that past and future users of the "Criteria" will comprehend that the primary function of the electrocardiographic section is to standardize nomenclature and criteria for electrocardiographic diagnoses, not limits of normality.
The QRS-T Vector (ventricular gradient or G)
The ventricular gradient is at present treated as an octantal vector in space, which is the sum of the QRS and T vectors. Most of the Quantitative data on the T vector are not numerous. It is apparent that it is directed quite far to the right or is vertical (mean angle alpha 77 degrees) in the first 24 hours of life and gradually approaches an angle of approximately 40 degrees up to adolescence." During most of this period it is also directed backward as is evidenced by the inverted T waves which normally occur in leads V, to V4 in infants and children (tables 4 and 5) and occasionally in older individuals (tables 6 and 8). Beyond adolescence its direction in space is forward and C9IINICAL PROGRESS to the left but quite variable so far as the latter direction is concerned.2 Due to the existence of a gradient in the duration of the excited state, this T vector usually has a direction similar to the QRS vector. As noted earlier the spatial angular separation of the two is said not to exceed 50 degrees.2
Because of limitations with regard to exact measurements, a procedure for gross description has been adopted as for the QRS vector. So far as the frontal plane is concerned, vectorial T is said to show no deviation, left deviation or right deviation of its electrical axis with the same angular limits defined for these as in the case of the QRS vector.
The S-T Vector
Normally a minute or no electromotive force is present at the time the junction between QRS and S-T is written in the electrocardiogram (tables 4 to 7). This junction is often called "J" to distinguish it from the S-T segment, but by custom the "S-T vector" is calculated from any displacement of .J that may exist.
Vectorcardiography
Although the form of the normal vector cardiogram in several planes is fairly well known, a definition of it at this time is not easily made because of the great variety of technics available for recording it directly.42-49 A basic problem is involved, namely, which method will most accurately provide the true rectilinear components of the spatial record. Until this is solved more satisfactorily than it has been up to now, an attempt to define the iormal seems premature.
SPECIAL LEADS

Esophageal Leads
The most comprehensive information of a quantitative kind on esophageal leads has been collected by Kistin, Brill, and Robb.50 The records obtained can be divided into three groups, the atrial, the transitional, and the ventricular, depending upon the form of the atrial and ventricular deflections. The first type is obtained when the esophageal electrode is 32.5 to 47.5 cm. from the anterior nares; the second between 40.0 and 50.0 cm. from the nares, and usually 2.5 to 5.0 cm. below the lowest atrial level; the third 42.5 to 52.5 cm. or more from the nares. For details the reader is referred to the original article. Perhaps of greatest significance is that a Q wave deeper than 0.4 my., or more than 25 per cent of the R wave in the same ventricular lead33 51 is not uncommon in the normal subject.
Intracardiac Leads
Measurements have been made of the size of the RS deflection in the right atrium, the right ventricle, and attached vessels of 14 
